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This study reports on basic, mostly pre-senior mathematical skills, as measured by a 
multiple choice questionnaire, of 566 students enrolled in a first year introductory data 
analysis subject within a science or broadly scientific degree program.  Most students 
had previously undertaken a senior high-school algebra and calculus based 
mathematics subject.  Rasch analysis was used to validate the questionnaire and assist 
in the description of levels of skill.  General linear models demonstrated that a 
student’s skills score depended on the result obtained in senior mathematics, whether 
or not the student was a mathematics student, gender, whether or not higher level 
mathematics had been studied, self-efficacy and year.  It is concluded that in order to 
have full and confident use of basic, pre-senior mathematical skills, algebra-based 
mathematics needs to be studied beyond this level. 
Keywords: basic mathematical skills; mathematical background; 
numeracy; Rasch analysis; tertiary entrants 
1. Introduction 
Over the past forty years numerous studies at the national and international level have 
been aimed at determining levels of numeracy and mathematical skills possessed by 
students at different educational stages.  Such studies include those conducted by the 
International Association for the Evaluation of Educational Achievement (IEA), 
extending from the First International Mathematics Study (FIMS) to the most recent 
Trends in International Mathematics and Science Study (TIMSS 2002/03).  Most of 
these have concentrated on primary and junior secondary school, the upper age limit 
generally being fourteen to fifteen years – the end of compulsory schooling in most 
countries. 
The British Cockcroft Report [1] of 1982 first popularised the term ‘numeracy’ 
giving an informal definition of: 
an “at-home-ness” with numbers and an ability to make use of the mathematical 
skills which enable an individual to cope with the mathematical demands of his 
everyday life.  
While educational literature differentiates between the terms ‘numeracy’, ‘quantitative 
literacy’ and ‘mathematical skill’, in many situations such differences are academic 
and Cockcroft’s definition brings to our attention some important matters.  In 
particular it emphasises that both familiarity and skills are needed to achieve 
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applicability as well as highlighting the fact that a desired level of competence 
depends on the specific demands of an individual’s circumstances. 
Students beginning a degree program at university in a quantitative area such as 
science will find that the level of mathematical skill required for understanding and 
successful completion of their course is different from that of their non-quantitative 
peers.  It is generally assumed that the completion of an algebra and calculus based 
senior mathematics subject provides sufficient mathematical preparation for such a 
course.  While experience has led to a growing tendency to relax this assumption, 
little formal research has been carried out into the mathematical skills of students 
entering tertiary study with such preparation. 
It has been shown that a lack of mathematical skills provides a barrier for learning 
in engineering courses [2] and basic numeracy is a predictor of outcomes in 
introductory statistics [3].  Educators in the tertiary context require an awareness of 
the level of skills which students are likely to possess if they hope to understand the 
difficulties which students encounter and provide them with the resources to 
overcome such difficulties.  In particular, educators need awareness of the level of 
confidence retained by students from their pre-senior mathematics study. 
The current study is part of research into factors which influence the development 
of statistical thinking at the tertiary level.  Hence the skills on which the study focuses 
are those skills commonly associated with an introductory data analysis course, 
namely: handling fractions, percentages and decimals, evaluating expressions and 
handling simple equations and inequalities.  These pre-calculus skills are used and 
assumed across a wide variety of quantitative areas particularly across all sciences, 
and are often regarded as part of the ‘numeracy’ of Cockcroft’s definition. 
2. Methodology 
2.1. The skills questionnaire 
The questionnaire used in this study consists of 21 multiple choice items which 
students could complete in less than thirty minutes.  (See appendix A for the complete 
questionnaire.)  For each question, distracters were carefully chosen to reflect 
common or possible errors.  So as to enable very basic questions to be asked, students 
were requested not to use calculators, with numbers being deliberately chosen for ease 
of manipulation. 
Comparison with the new Year 1 to 10 mathematics syllabus for Queensland, 
shows that most of the items in the questionnaire require a level of understanding 
which would be expected of students aged 10 to 15 years, requiring demonstration of 
outcomes such as: 
compare and order whole numbers and common decimal fractions of any size, 
making connections between key percentages and fractions; 
 (Learning Outcome N4.1 p20, [4]) 
and 
identify and solve addition and subtraction problems involving rational numbers. 
 (Learning Outcome N6.2 p21, [4]) 
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These skills would be commonly represented in mathematics syllabi for this age 
group both nationally and internationally.  The remaining questions involve 
evaluation of simple rational expressions and solving simple inequalities, skills which 
students would be expected to consolidate within the context of an algebra and 
calculus based senior mathematics course, if not during the mathematics of pre-senior 
compulsory schooling. 
2.2.  Subjects and procedure 
The subjects of the study were enrolled in an introductory data analysis subject, 
mostly as a compulsory part of a degree program in science or a broadly scientific 
area.  Background and demographic information, including gender, course of study, 
tertiary entrance score, level of mathematics previously studied and results obtained 
therein, was provided by the students.  All students who attended classes were 
encouraged to complete the background and skills questionnaires although there was 
no compulsion to do so.  The skills questionnaire was completed by 566 students over 
two years, approximately 70% of those enrolled in the subject, with 552 of these 
providing the information required to match their answers with their demographic and 
background information. 
Of the 552 ‘identifiable’ students who completed the skills questionnaire, 47.8% 
were female and 52.2% male.  These students represented a total of 30 different 
courses which are summarised in table 1 with percentages given for all students and 
those who completed the skills questionnaire.  The assumed level of mathematics for 
the introductory data analysis subject is the senior algebra and calculus based course 
(known in Queensland as Maths B and referred to by that title hereafter).  Maths B or 
an equivalent standard was reported as having been studied by 51.6% of students who 
completed the skills questionnaire, 4.8% reported a lower level of mathematical 
preparation, 34.8% had a higher level (either advanced high school mathematics or 
previous tertiary study) and 8.8% did not report their mathematical background. 
Students were also classified as ‘maths’ or ‘non-maths’ students.  Maths students 
included all those who were studying a mathematics degree or double degree 
 
 
Table 1. Course breakdown of student cohort and respondents over two years 
 
Course Percentage 
of total 
Percentage of  
respondents 
Education or double degree involving education   9.2   8.8 
Maths or double degree involving maths 15.5 16.4 
Other double degree   5.7   6.0 
Applied science 57.0 56.6 
Biotechnology   8.5   7.9 
Applied science innovation   1.8   1.8 
Other   2.3   2.6 
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including mathematics as well as applied science students majoring in mathematics 
and education students with mathematics as one of their teaching subjects.  Under this 
system, 26% of students in the study were classified as mathematics students, while 
the figure was 28% of those who completed the skills questionnaire. 
The skills questionnaire was completed during a two hour practical class in the 
first week of semester.  While it was expected that many students would take less than 
twenty minutes to complete the tasks and nearly all less than thirty, students were 
encouraged to take as long as they needed.  Hence speed of calculation did not affect 
students’ results. 
A measure of students’ self-efficacy in mathematics and statistics (that is, their 
perception of their own ability in the area) was obtained using a Likert scale 
consisting of five statements which were administered as part of a survey of students’ 
attitudes.  In keeping with research into self-efficacy [5] these statements were task 
specific for an introductory data analysis subject, but focussed on aspects which 
would be within a student’s prior experience such as use of a computer, understanding 
graphical information and determining correct procedure.   
Aspects of the skills questionnaire were investigated using Rasch methods.  Rasch 
models have been widely used in school mathematics studies [6] and surveys such as 
the Third International Mathematics and Science Survey (TIMSS) [7].  Through this 
set of models, item difficulty and person ability are estimated and mapped onto a 
single logistic scale [8].  The Rasch model assumes that the questionnaire is 
measuring an underlying one-dimensional and hierarchical trait and that the items are 
independent of one another.  Model diagnostics are used to measure the fit of the data 
to the model and in so doing provide evidence of the validity of the questionnaire [9, 
10]. 
3. Results 
For the 566 students who completed the skills questionnaire, total scores ranged from 
four to 21, with a mean of 13.6, standard deviation of 4.1 and a median of 14.  Twenty 
students scored the maximum possible score of 21.  Although some differences 
between the years appear in the analysis of background predictors (section 3.4), the 
overall distribution and ordering of responses for the cohorts were almost identical for 
the two years.  Hence sections 3.1 to 3.3 consider the combined cohorts. 
3.1. Consideration of student responses 
The complete questionnaire and the percentage of students who gave each response, 
together with a brief explanation of the error involved can be found in appendix A.  
Questions are ordered by increasing difficulty and the correct response is listed first.  
In the actual questionnaire, responses are arranged randomly. 
An examination of groups of questions shows how the success rate falls rapidly as 
the simplicity of the question decreases.  Multi-step problems and abstraction with the 
introduction of letters cause obvious difficulties for students. 
As an example, consider a group of questions involving fractions.  Question N_9 
which requires addition of two fractions has a success rate of 84% which falls to 78% 
for adding three fractions (N_10).  When a square root is also involved (N_12), the 
success rate falls to 56%.  It is interesting to note here how the addition of a step to a 
question causes students to regress in their skills.  In question N_9, 8.9% of students 
 5 
added two fractions by either just adding the denominators or by adding the 
numerators and denominators.  When the square root is added to the problem, 22.4% 
of students make either of these two errors (be it before or after taking the square 
root).  When students are asked to apply their understanding of fractions to 
manipulate an algebraic expression, the success drops to 48%, and to 42% when the 
equality becomes an inequality (N_20).  Question (N_15), which students found most 
difficult with a success rate of 38%, requires multi-step substitution of fractions into 
an algebraic rational expression. 
The numbers involved in N_15 have been deliberately chosen so that a little 
experience and comfort with fractions and a minimal degree of persistence should 
produce success.  Interestingly, this question also had the highest non-response rate of 
9%, indicating that comfort and persistence are not present in many students when 
handling fractions. 
A smaller group of questions involving practical application of percentages again 
shows how the addition of steps in the procedure decreases the success rate.  Question 
N_5, requiring students to find 5% of 200 students, has the highest success rate of 
96%.  This success rate falls rapidly to 69% when another step is added to this 
question (N_6).  When the percentage of two subgroups has to be converted to the 
percentage of the whole group (N_4), the success rate falls to only 52%. 
Some of these errors could be attributed to carelessness.  Perhaps 22% of students 
did not correctly read N_6 and thought they were only finding 85%.  Also, 17% of 
students in N_4 calculated 1/3 rather than 30% of 120.  However, this carelessness, 
which tends to increase with problem complexity, is one aspect of the students’ gap in 
skills and is likely to cause problems in the students’ application of techniques in their 
fields of study. 
3.2. Results from Rasch analysis 
Rasch analysis was performed using Quest software [11].  For the analysis, missing 
answers were considered as incorrect, apart from in cases where students left three or 
more items blank at the end of the questionnaire in which case they were treated as 
missing.  As students were given virtually unlimited time, it was felt that those who 
left a sequence of questions blank at the end of the paper had chosen to proceed no 
further whereas for individual missed responses it was considered that the student 
could not determine the correct answer.  Table 2 presents the estimates of the item and 
case separation reliabilities and the overall fit measures. 
The item infit mean square is equal to the expected value of 1.00, suggesting that 
the questionnaire is measuring a one-dimensional construct.  The item separation 
index of 0.99 is very high, providing evidence that the items give a good spread of 
difficulty which suggests that the level of basic mathematical skill can be measured by 
the questionnaire.  The case separation reliability is acceptable at 0.74 and together 
 
Table 2. Measures of fit from Rasch analysis 
 
Item separation reliability 0.99 
Item infit mean square 1.00 (SD 0.09) 
Case separation reliability 0.74 
Case infit mean square 1.00 (SD 0.20) 
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with an overall case infit mean square of 1.00, this provides evidence that the 
questionnaire is of an appropriate level of difficulty for the students. 
For each of the 21 items in the questionnaire, the infit mean square fell between 
0.85 and 1.21.  According to Keeves and Alagumalai [12], an item is generally 
accepted as fitting the Rasch model if the infit mean square lies between 0.77 and 
1.30, although some researchers would prefer a more restricted range of 0.83 to 1.20.  
This provides evidence that the items are all consistent with the underlying construct 
being measured by the questionnaire (in this case, basic mathematical skill), and is a 
measure comparable to the concept of internal validity used in traditional test theory 
[10]. 
The variable map in Figure 1, shows the students (on the left hand side) and items 
(on the right hand side) displayed on a single logistic scale.  The level at which an 
item appears is called the threshold.  This is the level of ability at which a student has 
a 50% chance of answering the question correctly.  The map provides a convenient 
visual display of the relative difficulty of the items.  From the map, there appears to 
be a group of students of very high ability.  Another twenty students are not included 
in the analysis as they received perfect scores and their results cannot contribute to the 
estimation process.  Although the case separation reliability and case infit mean 
square provide evidence that the questionnaire is of an appropriate level of difficulty 
for the students, the distribution of items along the variable map verifies that, as 
intended, the questionnaire does not reach into the upper levels of mathematical skill.  
This is not surprising as the questionnaire is designed to assess basic skills below the 
level of entry into the course.  In this sense the questionnaire is acting as a remedial 
diagnostic tool.  Questions at a higher level would need to be included in order to 
assess the full range of mathematical skill of the cohort. 
 
3.3. Levels of thinking 
Consideration of the variable map produced by the Rasch analysis, together with 
question complexity has been used to divide the items into five levels of difficulty and 
the students into five levels of ability as indicated in Figure 1.  Students at level one 
are characterised by simple, common, single-step thinking.  It can be expected that a 
student at this level successfully: 
• understands and uses common percentages; 
• adds decimals; 
• performs a simple calculation involving a combination of basic operations on 
whole numbers. 
At level two, students’ thinking is still simple and single-step but has progressed 
to encompass less common applications.  A student at this level can be expected to 
successfully: 
• understand and use less common fractions and percentages; 
• add fractions with different denominators; 
• solve simple practical problems. 
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Item Estimates (Thresholds) 
(N = 566 L = 21 Probability Level=0.50)                                                            
---------------------------------------------------------------------------- 
  4.0                            | 
                                 | 
                                 | 
                                 | 
                     XXXXXXXXX   | 
                                 | 
                                 | 
                                 | 
  3.0                            | 
                                 | 
                                 | 
                      XXXXXXXX   | 
                                 | 
                                 | 
                  XXXXXXXXXXXX   | 
                                 | 
  2.0                            | 
              XXXXXXXXXXXXXXXX   | 
                                 |                               LEVEL 5 
                                 |      15 
               XXXXXXXXXXXXXXX   | 
                                 |      20 
          XXXXXXXXXXXXXXXXXXXX   |------------------------------------------ 
                                 |      14 
  1.0       XXXXXXXXXXXXXXXXXX   |      16     18 
                                 |       4     13     21         LEVEL 4 
                  XXXXXXXXXXXX   |      17 
                                 |      12 
                XXXXXXXXXXXXXX   |------------------------------------------ 
                                 |       2 
                 XXXXXXXXXXXXX   |      19 
  0.0                        X   |                               LEVEL 3 
                    XXXXXXXXXX   |       6 
                                 | 
                  XXXXXXXXXXXX   |------------------------------------------ 
                                 | 
                        XXXXXX   |       3      7     10 
                             X   | 
                        XXXXXX   |                               LEVEL 2 
 -1.0                            |       9 
                           XXX   | 
                                 |------------------------------------------ 
                                 |       1     11 
                          XXXX   | 
                                 | 
                                 | 
                            XX   | 
 -2.0                            |       8 
                                 | 
                                 |                               LEVEL 1 
                                 | 
                                 | 
                                 |       5 
                                 | 
                                 | 
 -3.0                            | 
---------------------------------------------------------------------------- 
  Each X represents    3 students 
============================================================================ 
 
Figure 1: Variable map showing students (on the left hand side) and items (on the 
right hand side) displayed on a single logistic scale. 
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At level three, students’ thinking has progressed to the two-step stage and is 
beginning to encompass abstract notation in the use of simple algebra.  It can be 
expected that a student at this level: 
• understands percentages less than one; 
• solves a two-step problem involving percentages; 
• uses abstract notation in a simple question; 
• solves a simple linear inequality. 
The thinking of students at level four has progressed to the multi-step stage with 
abstract thinking continuing into more complex applications.  It can be expected that a 
student at this level successfully: 
• solves a multi-step problem involving percentages; 
• performs calculations requiring order of operations; combinations of fractions and 
square roots; 
• orders positive and negative fractions and decimals; 
• substitutes into complex expressions, approximating if necessary to obtain an 
answer; 
• manipulates abstract notation in a multi-step problem; 
• rearranges a rational expression; 
• solves a pair of simple inequalities. 
At level five, a student’s thinking is multi-step, synthesising concepts with 
persistent use of abstract notation.  At this level a student can successfully: 
• perform a multi-step substitution; 
• solve a rational inequality with the unknown on the denominator. 
3.4. What influences students’ scores? 
General linear model analysis was used to explore relationships between students’ 
scores on the basic skills questionnaire and their demographic and mathematical 
backgrounds and attitudes.  (The names of variables have been italicised to aid the 
discussion thereof.)  Variables available for analysis were the factors: gender, Maths 
B result, higher level maths, maths or non-maths student, repeating student or 
otherwise, 1st semester student or otherwise, year, and the covariates: tertiary 
entrance score, years since school and self-efficacy.  The variable Maths B result had 
three levels: distinction (D), pass (P) and fail or not attempted (F/N).  Higher level 
maths was an indicator variable assigned the value one if the student had studied any 
mathematics beyond the Maths B level. 
Wording of the background information in 2004 led to non-random, non-reporting 
of tertiary entrance scores in that year.  This wording and the associated non-reporting 
were avoided in 2005, but the inclusion and interpretation of tertiary entrance scores 
in 2004 or when the two years are combined or compared requires considerable 
caution and care. 
For the two years combined, without tertiary entrance score, the best model for 
skills score involves as significant predictors: Maths B result (p<0.001), maths student 
(p<0.001), gender (p=0.002), higher level maths (p=0.002), self-efficacy (p=0.003) 
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and an interaction between year and Maths B result (p=0.032).  The p-values given 
are those obtained while allowing for all other significant variables.  This model 
explained 30.5% of the variation in the skills score and residual analyses displayed no 
systematic concerns with the model.  The interaction between year and Maths B result 
could instead be explained as a significant year effect (p=0.035), with little change in 
the other p-values or the R-squared value (29.4%), no change in residual analyses and 
a simpler interpretation.  The equation from this linear model is given by: 
( ) ( ) ( )
( ) ( ) ( )
( )
 10.4 1.1 1.2   1.7  
0.7 2005 1.5 D 0.8 F/N
0.2 -
skills score male higher level maths maths student
result result
self efficacy
= + × + × + ×
+ × + × = − × =
+ ×
 
When the predictor variables: Maths B result, maths student, higher level maths 
and self-efficacy are examined, it is not surprising to find that they are highly inter-
dependent.  Maths students are more likely to have studied at a higher level, to have 
obtained a higher Maths B result and to have higher self-efficacy.  Similarly those 
who have studied higher level maths tend to have better Maths B results and higher 
self-efficacy.  In fact all the two way relationships between these four variables are 
highly significant (p<0.001) and in the expected direction.  It is all the more 
interesting then that each of these four variables contributes a significant (albeit small) 
increase to the skills score when all the other variables have been allowed for. 
A similar effect is noted for the variable gender.  Males are more likely to be 
maths students, to have studied higher level maths and to have higher self-efficacy 
(but not necessarily to have obtained better results in Maths B).  Still there is an 
additional advantage to the skills score in being male, even after allowing for the other 
variables. 
Although TIMMS 2002/03 showed that there was no significant difference 
between genders in overall scores in Australian schools at age approximately 13 
years, there was a significant difference in the number section of the assessment for 
this group with males outperforming females [13].  As this section of the TIMMS 
assessment covered the topics of whole numbers, fractions and decimals, integers, 
ratio, proportion and percent, the topics most heavily represented in the skills 
questionnaire, the higher scores of males here may not be unexpected. 
The difference between the two years is less significant than any of the other 
effects mentioned.  It may be attributable to a difference in the two cohorts or perhaps 
to different administrative practices in the two years.  In 2005 students were told they 
would receive feedback in their performance on the skills questionnaire and this may 
have motivated some students to exercise greater effort. 
3.5. What influences responses to individual questions? 
For each item in the skills questionnaire, a logistic regression was performed on the 
dichotomous response variable correct/incorrect using the six predictors which were 
significant in explaining total scores, namely: gender; Maths B result; higher maths; 
maths student; self-efficacy and year.  This allows us to see which of the students’ 
characteristics are most important in explaining their success at a particular question, 
remembering that the presence or absence of one characteristic is dependent on the  
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Table 3. Significance of predicators in the logistic regression for each item on the skills questionnaire 
 
Question Gender Maths B result Higher maths Maths student Self-efficacy Year 
level one       
N_5       
N_8 *  +      
N_1  ***     
N_11  **  +     
level two       
N_9  *** ***  ***  
N_7 *  ***    
N_3 ***   ***   
N_10    *** *** * 
level three       
N_6  ***     
N_2 ***      
N_19   *** ***  * 
level four       
N_12  *** ***   * 
N_17 *  * * *  
N_21  *** ***    
N_4     ***  
N_16     ***  
N_13    *** ***  
N_18  *** ** **   
N_14 *** * *    
level five       
N_20 *  *** *   
N_15  *  **  * 
*** p<0.005,  ** 0.005<p<0.01,  * 0.01<p<0.05;  + opposite direction to that expected. 
 
presence or absence of the others.  Table 3 gives these results with questions arranged 
in increasing order of difficulty.  Again, the p-values indicated are those obtained 
while allowing for all other significant variables. 
Given that the level of items in the questionnaire is consistent with pre-senior 
mathematics, it is particularly interesting to note for which questions success is 
strongly influenced by studying higher level (i.e. post-senior) mathematics.  Apart 
from N_15 (an item which was found difficult across the range of student 
characteristics), questions which require application of fractions beyond addition 
(N_12, N_17, N_18, N_20) are all dependent on students having studied higher level 
mathematics.  This is consistent with comments made earlier regarding students’ 
tendency to regress in basic skills when application thereof is required. 
Other questions which depend on higher level mathematics include those 
involving inequalities (N_19, N_20, N_21).  Interestingly, two of these questions 
(N_19, N_20) also depend on being a maths student.  Anecdotal evidence of teachers 
suggests that inequalities are currently de-emphasised in the Queensland high school  
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Table 4: Student responses to item N_7 according to mathematical background 
 
Response 
Percentage of 
students below 
Maths B 
Percentage of 
students at 
Maths B 
Percentage of 
students above 
Maths B 
10              0          7.5              2.5 
11             7.4          7.2             2.5 
11.3           14.8          9.6             4.6 
12           66.7        75.3           89.3 
13             7.4          0.3             0.5 
no response             3.7          0             0.5 
 
 
curriculum.  This is undoubtedly the reason that success in this area is heavily 
dependent on studying higher level mathematics and having a further degree of 
interest in mathematics. 
One further question for which higher maths is a significant predictor is N_7.  
This question asks: 
A group of 340 students must be divided into lab classes with a maximum of 30 
students in each.  The smallest number of lab classes needed is: 
It may appear surprising that such a practical question is significantly influenced by 
the study of mathematics beyond the standard senior algebra and calculus based 
course, when higher level mathematics is often denigrated for being impractical.  
Further consideration of responses to the question are even more enlightening.  Table 
4 gives the percentage of students who gave each possible response for the three 
groups: those who had not studied Maths B; those who had studied at the Maths B 
level; and those who had studied beyond Maths B. 
Not only does the success rate continue to increase with the level of mathematics 
studied, but the percentage who choose the meaningless answer of 11.3 also falls 
noticeably.  Many students are encouraged to choose not to study Maths B on the 
basis that a non-algebra, non-calculus based course is more applied and will provide 
more ‘real life’ skills.  This example clearly contradicts such beliefs. 
4. Discussion 
The debate as to whether or not educational standards are falling, is common among 
educators, the media and the general public.  This study does not attempt to address 
this issue.  Undoubtedly high school graduate capabilities have risen in some areas 
and fallen in others.  However tertiary educators need to be aware of which skills can 
or cannot be assumed of the majority of their incoming students. 
A senior algebra and calculus based mathematics course is a prerequisite for many 
scientific or quantitative tertiary courses, and if not a formal prerequisite, the content 
of senior mathematics is likely to be considered ‘assumed prior knowledge’.  Such a 
course depends crucially on pre-senior mathematics.  When commenting on tertiary 
students’ backgrounds, many tertiary educators consider only the courses of senior 
schooling.  In mathematics it is essential to consider the effects of the pre-senior 
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years. Senior algebra and calculus based mathematics courses will consolidate pre-
senior mathematics, but the extent of consolidation clearly depends on the students’ 
pre-senior mathematics experiences.  Hence tertiary educators need greater awareness 
of the emphasis (or lack of emphasis) on mathematical skills in the pre-senior years, 
and the extent of consolidation needed at the senior school and even tertiary level for 
students to be able to apply these skills in the new or multi-step situations that 
characterise so many tertiary areas.  Observing that 75% of the cohorts in both years 
successfully completed levels one and two of this questionnaire, emphasizes that 
tertiary educators should be aware that individuals, even with a senior algebra and 
calculus based background, may need help with some of the basics, particularly in 
unfamiliar or multi-step situations. 
There is a growing tendency within universities to maximise potential student 
intake by reducing the number of prerequisite subjects.  In quantitative areas this has 
resulted in the removal of higher level mathematics as a prerequisite for any field of 
study and of the standard algebra and calculus based course for many areas.  Due to 
the increased variety of subjects available at senior high-school level, this removal of 
mathematics as a prerequisite has resulted in many senior students opting for a non-
algebra, non-calculus based alternative or no mathematics at all.  This decision is 
rarely challenged and even encouraged by parents and guidance officers who consider 
that unless specific mathematical content will be used in further study, then it is not 
valuable.  There is a general lack of understanding across the community of the 
generic problem-solving skills that are acquired by students in studying specific 
mathematical skills, and of the amount of study of mathematics that is required to 
attain the Cockcroft ‘at-home-ness’ with mathematics.  Compare this with language 
studies in which the study of literature is rarely questioned. 
This study demonstrates that in order to have full and confident use of basic pre-
senior mathematical skills, mathematics needs to be studied beyond, and preferably 
well beyond, the pre-senior level.  This enables students to consolidate their basic 
mathematical skills to the point where they can be confidently and reliably used and 
applied, particularly in multi-step problems.  Without such consolidation, skills which 
may be known in isolation are lost in application and that ‘at-home-ness with numbers 
and ability to make use of mathematical skills’ of Cockcroft’s numeracy is not 
developed.  The conclusion which must be drawn by those advising school students, is 
that students should be encouraged to continue with mathematics to the highest level 
of their ability.  Only then can they be certain of maximising their competency with 
even basic mathematical skills. 
  
 
Appendix A: The skills questionnaire 
Table 5 gives the items and responses to the mathematical skills questionnaire.  Items 
are quoted in full with multiple choice options provided such that the correct answer 
is first.  In the actual questionnaire, options are arranged randomly.  Results are 
quoted for all 566 students, as well as separately for those 489 who reported having 
completed Maths B and the 27 who had not.  Comments are provided which explain 
the distracters.  Items are arranged in order of increasing difficulty, as measured by 
students’ success, and level of skill, as indicated by the Rasch analysis, is provided. 
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Table 5 Items and responses to skills questionnaire in order of difficulty. 
 
 question choices % 
response comments on responses 
   
all 
(566) 
done 
maths 
B 
(489) 
not 
done 
maths 
B 
(27) 
 
level 
one 
      
10 95.8 96.3 88.9 Nearly all could manage 
this. 
5   1.6   1.4   3.7 Forgot that reference 
group was 200. 
40   2.3   1.8   7.4 Used 5% = 1/5. 
57   0.2   0.2   0 Assumed equally likely 
groups although told 
otherwise. 
100   0.2   0.2   0 Used 5% = 1/2. 
N_5 Possible subject 
grades at a particular 
institution are 1 to 7, 
with 7 being the 
highest.  In a 
particular class of 
200, 5% of students 
were given a 1 or a 2.   
The number of 
students receiving a 1 
or a 2 was: No 
response. 
  0   0   0  
1.21 92.2 92.6 92.6  
0.1111   0   0   0  
0.121   4.2   4.1   0 Shifts decimal point. 
1.111   3.5   3.3   7.4 Cannot trade correctly. 
12.1   0   0   0  
N_8 0.66 + 0.55 is equal 
to: 
No 
response. 
  0   0   0  
5
1
 
87.5 88.6 74.1 Most students can do 
this. 
20
1
 
  1.4   1.4   3.7  
100
20
 
  7.8   6.8   18.5 Did not simplify. 
5
2
 
  2.5   2.7   0  
2
1
 
  0.4   0.2   0  
N_1 Written as a fraction 
in its simplest form, 
20% is equal to: 
No 
response. 
  0.5   0.4   3.7  
29 87.1 86.9 88.9  
41   2.7   2.9   0 Cancel 4 and 42 to give 
5+9x4. 
56   5.1   5.1   3.7 Cancel 4 into 42  to give 
5x4+9x4. 
89   3.0   3.1   3.7 Cancel 4 and 22 to give 
5x16+9. 
181   1.1   1.0   0 Thinks  
( )22a b a b× = ×  
N_11 
4
2945 22 ×+×
 is equal 
to: 
No 
response. 
  0.9   0.8   3.7  
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No 
response 
hereafter. 
  0.2   0.2   0 
level 
two 
      
30
11
 
83.7 86.3 48.2 Note the difference for 
without MathsB. 
30
2
 
  6.2   5.7 18.5 Finds common 
denominator but doesn’t 
convert numerator. 
11
1
 
  2.7   2.5 11.1 Adds denominators. 
11
2
 
  6.2   4.7 22.2 Adds numerators and 
denominators. 
6
5
 
  0.9   0.6   0 No idea. 
N_9 
5
1
6
1
+  is equal to: 
No 
response. 
  0.4   0.2   0  
12 78.4 81.0 66.7  
10   6.7   5.5   0 ‘Near enough’. 
11   5.7   5.3   7.4 Round down. 
11.3   8.1   7.6 14.8 No practical 
application. 
13   0.7   0.4   7.4  
N_7 A group of 340 
students must be 
divided into lab 
classes with a 
maximum of 30 
students in each.  The 
smallest number of 
lab classes needed is: No 
response. 
  0.4   0.2   3.7  
16.7% 78.1 79.1 74.1  
6.0%   3.4   2.9   7.4  
12.5% 10.1 10.2   7.4  
60.0%   1.9   1.6   7.4  
66.7%   6.0   5.7   3.7  
N_3 Written as a 
percentage correct to 
1 decimal place, the 
fraction 
6
1
 is equal to: 
No 
response. 
  0.5   0.4   0  
4
31
 
77.7 80.2 51.9 Adding 3 fractions is 
harder for most. 
13
8
 
  7.2   4.9 37.0 Adds numerators and 
denominators   - 
Slightly more than in 
N_9. 
72
13
 
  1.4   1.6   0 Finds common 
denominator but 
numerator is sum of 
denominators.  
72
35
 
  1.8   1.8   3.7 Finds common 
denominator but tries to 
cross-multiply for 
numerator. 
12
51
 
10.2 10.2   3.7 Can find common 
denominator, but not 
numerator; more 
convincing than correct 
answer which has been 
simplified. 
N_10 
6
5
3
2
4
1
++  is equal to: 
No 
response. 
  1.6   1.2   3.7  
 15 
level 
three 
      
20 69.3 72.0 44.4 Add one step and the 
success rate reduces 
considerably. 
10   2.7   1.2 11.1 Used 100 as reference 
group. 
15   1.8   2.0   0 Combination of errors 
above and below. 
30   4.6   3.9 14.8 Forgot to remove the 
5%. 
170  1.6 20.9 25.9 = 85% - perhaps did not 
read the question. 
N_6 In the same class (as 
in question 5), 85% of 
students were 
awarded a grade from 
3 to 6.  The number of 
students receiving a 
grade of 7 was: 
No 
response. 
  0.2   0   3.7  
1000
1
 
61.5 63.0 66.7 A percentage <1 is 
much harder. 
100
1
 
  9.2   8.0 14.8  
10
1
 
25.6 25.8 14.8 Confused with 0.1. 
100
10
 
  3.7   3.3   3.7  
10
9
 
  0   0   0  
N_2 Written as a fraction 
in its simplest form, 
0.1% is equal to: 
No 
response. 
  0   0    0  
2
7
<a  62.7 64.0 51.9  
2
7
−>a    3.9   3.5   3.7 Take 2a over without 
changing sign. 
3=a  12.4 11.0 14.8 An integer that works. 
1<a    7.1   6.8 14.8 Divide 12 by 2, then 
subtract 5. 
2
7
=a
 10.3 11.0   7.4 Solve the equality. 
No 
response. 
  0.4   0.4   0 
N_19 The solution to the 
inequality:     
1252 <+a    is: 
No 
response 
hereafter. 
  3.4   3.3   7.4 
 
level 
four 
      
6
13  56.4 58.1 33.3 Add 1 step and the 
success rate with 
fractions reduces 
considerably. 
5
1  
  3.4   3.3   3.7 Take square roots then 
add denominators. 
13
1  14.8 12.9 33.3 Just add denominators – 
compare with same 
error in N_9. 
5
2  
  7.6   7.2 18.5 Take square roots then 
add numerators and 
denominators. 
N_12 
4
1
9
1
+
 is equal to: 
6
5  12.2 12.9   3.7 Take square roots first 
then add fractions. 
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No 
response. 
  5.1   5.1   7.4 
No 
response 
hereafter. 
  0.5   0.6   0 
 
3 131
3 5 20
84
.6 7
 54.1 55.2 44.4 Slightly better than 
N_16. 
13 8 4
20 7 6
3 1
.5 3
 17.3 16.0 25.9 Descending 
denominators. 
8 134
7 6 20
3 1
.5 3
 
  2.8   2.9   3.7 Descending. 
31 4
3 5 6
8 13
.7 20
 
  7.6   7.2   7.4 Ascending numerators 
& denominators. 
131 4
3 20 6
3 8
.5 7
 14.1 14.5 11.1 3/5 > 4/6 
No 
response. 
  2.3   2.7   0 
N_17 Which of the 
following sets of 
values is correctly 
ordered from smallest 
to largest? 
No 
response 
hereafter. 
  1.8   1.6   7.4 
 
92 << a  51.6 53.6 33.3  
75.3=a    3.5   2.7 11.1 Solution to the pair of 
simultaneous equations. 
8=a    7.2   6.3   3.7 An integer that works. 
92 <> a  23.9 24.5 22.2 A complete lack of 
understanding of 
inequality signs – 
disturbing. 
9<a    6.9   6.5 14.8 Solution to the first 
equation and satisfies 
3x9>6 
No 
response. 
  3.5   3.1   7.4 
N_21 The solution to the 
pair of inequalities 
167 <+a   and  63 >a  
is: 
No 
response 
hereafter. 
  3.4   3.3   7.4 
 
26% 52.3 53.4 40.7  
25% 15.7 14.9 29.6 Average of 20% and 
30%. 
28% 17.0 16.8 18.5 30% = 1/3. 
52% 11.8 11.5 11.1 Forgot that reference 
group was 200. 
56%   2.1   2.3   0 Combination of 
previous 2 errors. 
N_4 A class consists of 80 
males and 120 
females.  A non-
compulsory excursion 
is attended by 20% of 
the male students and 
30% of the females.  
The percentage of the 
class which attends 
the excursion is: No 
response. 
  1.1   1.2   0  
1 0.05 0.055
0.5 0.55 .
− −
 50.5 49.1 51.8  
10.05 0.055
0.55 0.5 .
− −
 
  3.4   3.3   7.4 Doesn’t understand 
decimal places. 
10.05 0.055
0.5 0.55 .
− −
 33.9 35.4 25.9 Cannot order negatives. 
N_16 Which of the 
following sets of 
values is correctly 
ordered from smallest 
to largest? 
10.05 0.05 5
0.5 0.55 .
− −
 
  6.2   6.5   7.4 No idea about 
negatives. 
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1 0.05 0.055
0.55 0.5 .
− −
 
  4.2   4.1   7.4 Two mistakes. 
No 
response. 
  0.4   0.4   0 
No 
response 
hereafter. 
  1.4   1.2   7.4 
 
32 51.1 52.2 40.7 Poorly done. 
5 16.8 17.4 11.1 ( ) ( )20 30 5 2+ ÷ ×  
20   6.4   4.3 25.9 Left to right. 
23 24.0 24.1 22.2 Multiplication before 
division – 
misunderstands 
BOMDAS. 
52   0.7   0.8   0 ( )20 30 5 2+ ÷ ×  
No 
response. 
  0.5   0.6   0 
N_13 253020 ×÷+  is equal 
to: 
No 
response 
hereafter. 
  0.5   0.6   0 
 
1−
=
a
bc
x
 47.7 49.5 25.9  
cb
a
x
1−
=
 18.7 18.2 18.5 Just swap x & c – 
visually appealing. 
bc
a
x
1−
=
 20.5 19.6 29.6 Does not understand  
 
1
1 x
  
1+
=
c
ba
x
 
  4.6   4.3 11.1 Take 1 over first 
confused by  
1
1 x
 
c
b
a
x
−
=
1  
  4.6   4.3   7.4 
xb
a
xb
a 11
−=
−
 
No 
response. 
  1.4   1.6   0 
N_18 The solution for x  to 
the equation:  
c
xb
a
=
−1  is given by: 
No 
response 
hereafter. 
  2.5   2.5   7.4 
 
2.83 46.5 48.3 25.9 Less than half can do 
without a calculator. 
3.94 16.6 16.0 29.6 baba +=+
 
6.00 11.8 11.5 14.8 As above with incorrect 
simplification. 
6.93 16.4 16.0 18.5 Incorrect cancelling. 
11.31   5.0   4.9   3.7 Thinks  
( )22a b a b× = ×  
No 
response. 
  2.7   2.7   0 
N_14 When 
25,  13,  2,  4,n m s t= = = =  
the expression  
( ) ( )
2
11 22
−+
−+−
mn
tmsn
  
(correct to 2 decimal 
places) is equal to: 
No 
response 
hereafter. 
  1.1   0.8   7.4 
 
level 
five 
      
N_20 The solution to the 192>a  42.2 44.4 29.6 Another very low 
success rate. 
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12
1
<a    3.9   3.5   7.4  
12<a  10.4 10.0 11.1  
192<a  27.4 27.2 22.2 Inverted both sides 
without changing 
direction of inequality. 
12>a  11.1 10.4 18.5  
No 
response 
  1.6   1.2   3.7 
inequality:  
4
148
<
a
  is: 
No 
response 
hereafter. 
  3.4   3.3   7.4 
 
16/15 37.8 39.7 22.2 Lowest success rate. 
1/4 10.4   9.6 22.2 This is p. 
4/5 17.3 17.6   7.4 Forgets (1-p). 
5/6 17.7 17.2 29.6 Uses  
1 2p p p= +  
108/77   8.3   8.0   0 x2 and n1 confused. 
No 
response. 
  7.1   6.7 11.1 
N_15 Given that 
 
1
1
1
n
x
p =
  
2
2
2
n
xp =
  
21
21
nn
xxp
+
+
=
 
 the value of 
( )pp
pp
−
−
1
21  
when  101 =x   152 =x   
251 =n   752 =n  
 is given by: 
No 
response 
hereafter. 
  1.4   1.2   7.4 
Can’t do (or be 
bothered) – highest non-
participation. 
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